INTRODUCTION
Gametophytic self-incompatibility (GSI) is a wide-spread mechanism in flowering plants that prevents self-fertilization and promotes out-crossing (DE NETTENCOURT 2001) . In GSI plants, pollen tube growth is arrested if there is a match between the genes at the S-locus that control pollen and stylar specificity. The gene controlling stylar specificity in the Solanaceae, Rosaceae, and Plantaginaceae is known to encode a ribonuclease (S-RNase) (for a review see MCCLURE 2009), while the gene controlling pollen specificity encodes an F-box protein [S haplotype-specific F-box protein (SFB) or S-locus F-box protein (SLF)] (LAI et al. 2002; ENTANI et al. 2003; USHIJIMA et al. 2003; SIJACIC et al. 2004) . As these two specificity genes are tightly linked and recombination between these two genes has never been observed (IKEDA et al. 2005) , these two S-locus specificity genes are collectively termed the S haplotype.
Characterization of the S haplotype is most advanced in Prunus (Rosaceae) due to the small physical size of the S haplotype region and the close proximity of the stylar S (S-RNase) and pollen S (SFB) genes (ENTANI et al. 2003; USHIJIMA et al. 2003; YAMANE et al. 2003b; IKEDA et al. 2005) . Within Prunus, sweet cherry (Prunus avium) and sour cherry (P. cerasus) represent a model diploid -tetraploid series that has been used to investigate the effects of polyploidy on GSI. Tetraploid sour cherry is considered to have arisen through hybridization between sweet cherry and tetraploid ground cherry (P. fruticosa) (OLDEN and NYBOM 1968) .
Like sweet cherry, sour cherry exhibits an S-RNase based GSI system HAUCK et al. 2002; TOBUTT et al. 2004 ) and inter-specific crossing studies have demonstrated that sour cherry shares eight sweet cherry S haplotypes, S 1 , S 4 , S 6 , S 9 , S 12 , S 13 , S 14 and S 16 (BOŠKOVIĆ et al. 2006; HAUCK et al. 2006a HAUCK et al. , 2006b TSUKAMOTO et al. 2006 TSUKAMOTO et al. , 2008 .
However, in contrast to sweet cherry, natural sour cherry selections include both self-classified as SI, based on observations of self pollen tube growth in the styles. The S a and S d haplotypes were originally distinguished based on different RFLP fragments sizes using an SRNase probe, the HindIII fragment sizes for S a and S d differed by ~ 200 bp, 6.4-kb and 6.2-kb, respectively HAUCK et al. 2002) . However, partial S-RNase and SFB sequences from the S a and S d haplotypes were identical (N. R. HAUCK and A. F. IEZZONI, unpublished results) suggesting that S a and S d represented different mutations of the same S haplotype. Therefore, we hypothesized that the SI phenotype of the S 4 S 6 S a S d individuals resulted from complementary pistil S and pollen S mutations in the non-functional S a and S d haplotypes, therefore behaving genetically as one functional S haplotype.
We previously reported that heteroallelic sour cherry pollen containing two different functional pollen S haplotypes, is incompatible (HAUCK et al. 2006b ). This finding is counter to the well-documented phenomenon in the Solanaceae where SC accompanying polyploidization is frequently due to the SC of heteroallelic pollen (LEWIS 1943; GOLZ et al. 1999 GOLZ et al. , 2001 Tsukamoto et al. 2005; Xue et al. 2009) . Therefore, models explaining the molecular basis of self-recognition in Prunus and the Solanaceae must be consistent with these differing genetic expectations. Recently, HUANG et al. (2008) reported competitive interaction in a SC selection of tetraploid Prunus pseudocerasus, raising the possibility that the SC mechanism between these two tetraploid Prunus species could be different. However, although the data in HUANG et al. (2008) are consistent with heteroallelic pollen being SC, homoallelic pollen (e.g. S 1 S 1 , S 5 S 5 , or S 7 S 7 ) was not shown to be successful in compatible crosses and unsuccessful in incompatible ones. Therefore, it is possible that the SC in P. pseudocerasus could be caused by mutations in other genes critical for the SI reaction. Because of the importance of these differing genetic expectations for understanding S-RNase based GSI, we sought to investigate our previously identified exceptions to the 'one-allele-match' model.
Specifically our objective was to test our prior hypothesis that the non-functional S a and S d
haplotypes interact in a complementary manner, and therefore behave together genetically as a single functional S haplotype. In this work, the S a and S d haplotypes were renamed S 36a and S 36b , respectively, following the order of previously published S haplotypes (VAUGHAN et al. 2008; TSUKAMOTO et al. 2008) , for reasons explained in the results.
MATERIALS AND METHODS
Plant material and DNA extraction: Twenty one sour cherry cultivars and six SI sweet cherry cultivars were used in this study (Table 1) . These cultivars were grown at the Michigan State University Clarksville Horticultural Experimental Station, Clarksville, MI. Young leaves were collected in the spring, frozen in liquid nitrogen, lyophilized and stored at -20 o C until use.
Genomic DNA was isolated from lyophilized leaves according to the method of IKEDA et al. (2004b) . Extracted leaf DNA was treated with RNase A (Roche, Mannheim, Germany) and was used for PCR and fosmid library construction.
Southern blotting: Total DNA was isolated from young leaves by the hexadecyltrimethylammonium bromide (CTAB) method described by STOCKINGER et al. (1996) . Genomic DNA blot analysis was performed as described by HAUCK et al. (2001) .
Probe cDNA was prepared from the PCR-amplified fragment of the S 6 -RNase cDNA from sweet cherry and radiolabelled with 32 P-dCTP as described by HAUCK et al. (2001) .
Construction and screening of genomic libraries:
Fosmid libraries were constructed using the Copy Control Fosmid library production kit (Epicentre Technologies, Madison, WI). Fosmid libraries from 'Rheinische Schattenmorelle', 'Újfehértói fűrtős', 'Meteor', 'Erdi Nagygyumolcsu', 'Cigány 59', and 'MSU III 18 (12)' were constructed to clone the S-RNase and SFB alleles for the S 36a , S 36b , S 36b2 , and S 36b3 haplotypes (Table 1) . These fosmid libraries were screened at 60 o C with a mixture of DIG-dUTP-labeled S 6 -RNase and SFB 6 probes, as previously described (USHIJIMA et al. 2001) . The DIG-labeled S 6 -RNase and SFB 6 probes were obtained by PCR-labeling using PCR DIG Probe Synthesis Kit (Roche) with Pru-C2 and PCE-R primers (TAO et al. 1999; YAMANE et al. 2001) and SFB-C1F (IKEDA et al. 2004a ) and SFB-C4R primers (Yamane et al. 2003c) , respectively. The S haplotype of each positive fosmid clone was determined by PCR with the S-RNase consensus primer pair (Pru-C2 and PCE-R) which detects length differences for the second intron of the S-RNase. Positive clones were also checked for the presence of SFB using PCR with the SFB consensus primer pair (SFBC1F and SFBC2R) (IKEDA et al. 2004a) . S-RNase and SFB allele specific primer pairs were also used to verify the S haplotypes. Fosmid DNAs were prepared using Wizard Plus Minipreps DNA Purification Kit (Promega, Madison, WI).
DNA sequencing: Sequencing was carried out at the Michigan State University Research
Technology Support Facility. The fosmid clones were sequenced by primer walking using the primers Pru-T2, Pru-C2, Pru-C2R (TSUKAMOTO et al. 2006) , PCE-F (TSUKAMOTO et al. 2006) , PCE-R, Pru-C4R, Pru-C5, S36ab322F and S36ab366F (Table S1 ) for the S-RNases, and SFB-C1F, SFB-C2R, SFB-C5F, and FB3R (IKEDA et al. 2005) for the SFBs. The flanking regions for the S-RNases of the S 36 variants were sequenced using end specific primers (Table   S1 ). To determine the nucleotide sequences of the FOS-Forward and FOS-Reverse ends of the S 36 variants fosmid clones, pCC1FOS-F, pCC1FOS-R and T7 primers were used (Table S1 ).
End specific primer pairs for S 36 fosmid clones were also designed to determine the overlaps between fosmid clones (Table S2) Table 2 for temperature) for 30 s, and extension at 72 o C (see Table 2 for the extension time), with an initial denaturing step at 94 o C for 2 min 30 s and a final extension at 72 o C for 7 min. To discriminate S 36b2 from other S 36 variants, the derived cleaved amplified polymorphic sequence (dCAPS) primer (NEFF et al. 1998 ), AvaS36b2-F (Table 2 ) was designed using dCAPS finder 2.0 (NEFF et al. 2002) . Five ul of PCR products were digested for 4 h at 37 o C in 20 μl total volume with 3 units of the appropriate restriction endonuclease. PCR products and digested PCR products were resolved on 2.0 -3.0 % agarose gels and stained with ethidium bromide.
RT-PCR:
Total RNA was isolated from styles at the balloon stage of flower development, and pollen grains as described elsewhere (TAO et al. 1999) . Total RNA was treated with DNaseI (Roche, Mannheim, Germany) to avoid contamination of genomic DNA before used for all RT-related studies. One μg of RNA was used for first strand cDNA synthesis by SuperScript II RNase H -Reverse Transcriptase (Invitrogen) with oligo d(T) primer following manufacturer's protocol. For S-RNase expression, allele specific primers, PcS36ab-RNase-F and PcS36ab-RNase-R (Table 2) were used to amplify the four S 36 RNase variants. PCR conditions were identical to those described by TAO et al. (1999) . For SFB expression, allele specific primers PcSFB36ab-F and PcSFB36ab-R (Table 2) were used to amplify the four SFB 36 variants. Total pollen RNA was used as a negative control to confirm the absence of contamination from genomic DNA. Expression of the actin gene was used as a reference with the primers ActF1 and ActR1 (YAMANE et al. 2003a) . PCR conditions were identical to those described by USHIJIMA et al. (2004) . PCR products were separated on a 1.5% agarose gel and stained with ethidium bromide. clones. One clone for each SFB 36 variant was sequenced using pJET1.2 vector specific primers that were supplied with the CloneJET PCR Cloning Kit (Fermentas). Two SFB 36 allele-specific primers, PcSFB36ab-693F and PcSFB36ab-845F, were also used for sequencing (Table S1 ). by one nucleotide mismatch in the second intron ( Figure 1 ). SFB 36a and SFB 36b differed by 8 nucleotides and their deduced amino acids had only 5 amino acid differences (Figure 2 ). The high sequence similarity between the S 36a and S 36b haplotypes, suggests that they may be derived from the same ancestral S haplotype.
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A comparison of the S 36a and S 36b RNases with other functional cherry S-RNases did not reveal any molecular alterations that are known to disrupt S-RNase activity ( Figure S1 ).
However, the amino acid sequences of the S 36a and S 36b RNases were longer than the majority of the other functional cherry S-RNases in the region just before the conserved C5 region ( Figure   S1 ). It is unlikely that the length is the cause of the loss of function of the S 36a and S 36b RNases because the sour cherry S 33 RNase, whose amino acid sequence is one residue longer than the S 36a and S 36b RNases in this hypervariable region, is functional (TSUKAMOTO et al. 2008) .
The amino acid sequences of SFB 36a and SFB 36b were compared with other functional cherry SFBs ( Figure 2 and Figure S2 ). All the functional cherry SFBs identified to date have a conserved lysine (K), a conserved tyrosine (Y), and a conserved glycine (G) at positions 53, 188
and 214, respectively. In contrast, SFB 36a and SFB 36b both have isoleucine (I), phenylalanine (F) and serine (S) residues at positions 53, 188 and 214, respectively. Although there are three conserved amino acids in cherry, only one of them (the tyrosine residue at position 188, Figure   S3 ) is conserved in all known functional SFBs from Prunus species. This amino acid may thus be critical for the function (see discussion).
As the sequence analysis of the S-RNase and SFB for the S 36a and S 36b haplotypes failed to identify any molecular alternation that could be conclusively linked to a loss of specificity function, we compared the regions flanking the two specificity genes. These two haplotypes were already known to have a differential HindIII cut site yielding RFLP products that differ by approximately 200 bp ( Figure 3 ) . In total, 7829-bp and 8217-bp of the upstream and downstream flanking regions of the S-RNase of S 36a and S 36b haplotypes, respectively, were determined, through multiple rounds of primer walking (Figure 4 , see Figure   S4 and Table S1 for the fosmid clones and primers used for sequencing). The S 36a and S 36b RNase that was not present in the upstream regions of the S 36b RNase of 'UF' or the S 36a RNase of 'RS' (Figure 4 and Figure S5 ). Therefore, after HindIII digestion, the size of the fragment containing the S 36b2 RNase is 6097 bp, close to the length (6071 bp) of the S 36a RNase. This explains why the S 36b2 of 'Cigány 59' was thought to be S 36a (S a ) by YAMANE et al. (2001) .
The nucleotide sequence of the SFB obtained from the S 36b2 haplotype was identical to that from the S 36b haplotype; therefore, we also used the nomenclature SFB 36b to refer to the SFB from the S 36b2 haplotype. sequence was identical to that of the S 36b haplotype. As the nucleotide sequences of the SFBs from both the S 36b and S 36b3 haplotypes were identical, we used the nomenclature SFB 36b to refer to both.
Development of molecular markers to distinguish among the S 36 variants:
The S 36b /S 36b2 /S 36b3 specific primer pair, PcS36ab-F and Pc36b/b2/b3-R, amplified an ~760-bp product of the expected size for S 36b , S 36b2 and S 36b3 ( Figure 5B ). Since the PCR product from 'MSU III 18 (12)' contained an additional HindIII site, this primer pair works as a cleaved amplified polymorphic sequence (CAPS) (KONIECZNY and AUSUBEL 1993) marker to distinguish S 36b3 from S 36b and S 36b2 . The PCR product of S 36b3 was cut by HindIII into two fragments of 585 bp and 175 bp, whereas those of S 36b and S 36b2 were uncut ( Figure 5G ).
To test for the presence of S 36b2 and S 36b in different cherry cultivars, primers were designed to differentiate S 36b2 from S 36b . The primer pair PcS36ab-F2 and PcS36ab-R was designed to flank the region of the 307-bp insert (Table 2 and Figure 4 ). This primer pair amplified an ~ 1000-bp product of the expected size (1042 bp) from S 36a , S 36b and S 36b3 whereas a product of the expected size (1348 bp) was amplified from S 36b2 ( Figure 5C ). An insert-specific primer PcS36b2-spR was also designed that together with the forward primer PcS36ab-F2, amplified a product of the expected size (513 bp) for S 36b2 but not for S 36a , S 36b and S 36b3 ( Figure 5D ). The dCAPS primer, AvaS36b2-F, was also designed based upon the 1-bp substitution in the C2 region ( Figure 5F ). The primer AvaS36b2-F and the newly designed S36ab-RNase specific primer, PcS36ab-RNase-spR2 (Table 2) amplified 274-bp, 271-bp, 273-bp and 274-bp products for S 36a , S 36b , S 36b2 and S 36b3 , respectively ( Figure 5E ). After digestion with AvaII, only the PCR product obtained from the S 36b2 haplotype was cut into 253-bp and 20-bp fragments ( Figure 5H ).
Using these primers 'Tschernokorka' was determined to also have S 36b2 (Figure 5, C-E and H).
Expression of S-RNase and SFB for the S 36 variants: To test whether the S-RNase and
SFB from the S 36 variants were transcribed, RT-PCR was preformed. For the S 36a RNase, the expected 760-bp fragment was amplified from 'Montmorency' genomic DNA ( Figure 6A ). Figure 6B ). These results suggested that, despite the non-functionality of the S 36a and S 36b haplotypes, both the S-RNase and SFB are transcribed.
In the four S 36 variants described, a small non-autonomous Helitron element was identified 38 bp downstream of the SFB stop codon. This element is 306 bp in length and contains a GCrich stem loop, which is typical for Helitron elements (KAPITONOV and JURKA 2001) . The GC-rich stem-loop is followed by an AT rich region with the sequence "TTTTTTTAAAAATAAAA", where "AATAAA" is the putative poly (A) signal. To test whether the insertion of this element impacts transcription termination or polyadenylation, 3' RACE was performed for SFB 36a from 'MSU 27e 9 (47)' (S 13´S36a S 36b S x ), and for SFB 36b from both 'MSU 27e 9 (47)' and 'Tamaris' (S 13´S16 S 34 S 36b2 ). The ~ 950-bp RT-PCR products (data not shown) that were amplified with an adaptor primer and PcSFB36ab-F located within the SFB, were cloned. To distinguish SFB 36a clones from SFB 36b clones, colony PCR was performed with PcSFB36ab-F and PcSFB36ab-R. Since the PCR products from SFB 36a and SFB 36b contain different RsaI sites, RsaI digestion was used to distinguish these two SFBs (Table 2 ). Six and five clones for SFB 36a and SFB 36b , respectively, were obtained from 'MSU 27e 9 (47)' and two SFB 36b clones were obtained from 'Tamaris' ( Figure S7 ). Among them, 27e 9 (47)-8, 27e 9
(47)-3 and Tamaris-1 were selected for SFB 36a , SFB 36b and SFB 36b , respectively, and their sequences were determined. The poly (A) tail was located 11 bp downstream of the putative stop codon in 27e 9 (47)-8 and Tamaris-1, and 34 bp downstream of the stop codon in 27e 9
(47)-3 ( Figure S8 ). This suggests that at least some of the SFB 36 mRNAs are polyadenylated and the mature mRNAs end before the Helitron element.
To investigate whether a short distance between the stop codon and poly (A) tail might affect SFB function, we examined SFB mRNA sequences derived from Prunus species that are available in GenBank. Twelve non-redundant mRNA sequences were retrieved and the distance between the poly (A) tail and the stop codon ranged from 11 to 318 bp. Notably, the poly (A) tail of SFB 1 mRNA of Prunus mume (GenBank accession no. AB101440), derived from a functional SFB gene (YAMANE et al. 2003c) , is only 11 bp from the stop codon of the relevant open reading frame. As a result, it does not seem likely that for SFB, a short distance between the stop codon and poly (A) tail leads to non-functionality.
The relative abundance of SFB 36 mRNA with a poly (A) tail compared to total pollen mRNA was also examined. Total pollen mRNA of 'MSU 27e 9 (47)' was separated into pollen mRNA with a poly (A) tail and without poly (A) tail. A SFB 36 specific RT-PCR product was not amplified using the poly (A)+ mRNA whereas SFB 13´-specific and actin-specific RT-PCR products were amplified from the poly (A)+ mRNA. In contrast, a SFB 36 specific RT-PCR product was amplified using poly (A)-mRNA ( Figure 6C ). This suggests that the majority of SFB 36 transcripts are not associated with a poly (A) tail. The three products amplified from the poly (A)+ mRNA that were of smaller than expected size (721 bp), frA, frB and frC, were sequenced and determined to have high identity (99 %) with the Prunus persica 'Hakuto' 18S ribosomal RNA (GenBank accession no. AY179530) ( Figure S9 ). As a result, these small fragments were derived from non-specific amplification.
Genetic behavior of the S 36 haplotype variants: The functionality of the S haplotypes identified were tested using progeny populations derived from self-pollination. In these populations, each S haplotype tested should segregate in both the eggs and pollen grains in an expected 1:1 ratio. Therefore, if an S haplotype is functional in the style and pollen, the pollen with that S haplotype would be incompatible, and the frequency of that S haplotype in the progeny should be 1/2, as in the eggs. However, if an S haplotype has lost either pollen or stylar function, the pollen carrying it would be compatible and it would be expected to be present in the progeny in a 3:1 ratio. Using this strategy we previously determined that the S 36a haplotype (S a )
in 'Montmorency', 'RS', and 'Surefire', and the S 36b haplotype (S d ) in 'UF' are non-functional (HAUCK et al. 2006b ).
We further tested the functionality of the S 36a and S 36b haplotypes using self-pollinated progenies of 'Meteor' and 'MSU III 18 (12)' (Table 3 ). The S 36a and S 36b haplotypes in these two selections segregated in a 3:1 ratio, indicating that these S haplotypes are non-functional. In 'Meteor', only pollen containing the S 13m , S 36a , and/or S 36b would be capable of self-fertilization as its S 33 has been shown to be functional (TSUKAMOTO et al. 2008) . The S 36b3 haplotype from 'MSU III 18 (12)' was also determined to be non-functional as the segregation fits a 3:1 ratio, not 1:1 (Table 3) . For this selection, only types containing the S 13´, S 36a and/or S 36b3 would be capable of self-fertilization as S 1 was shown to be functional and segregates in a 1:1 ratio (data not presented). For 'Cigany 59', the S 9 and S 26 haplotypes were previously shown to be functional (HAUCK et al. 2006b ); therefore, the only SC pollen type would be S 6m2 S 36b2 (Table   3 ). All the progeny resulted from this pollen type indicating that the S 36b2 haplotype is also nonfunctional.
Although all four S 36 haplotype variants were determined in genetic tests to be non- haplotype was compatible in the 'UF' style containing the S 36b haplotype. In the reciprocal cross, the S 36b haplotype was present in 39 of the 60 progeny. Therefore, 'UF' pollen with the S 36b haplotype was compatible in the 'Montmorency' style containing the S 36a haplotype (Table   4 ). Taken together, these results disprove our previous hypothesis of complementation between a functional S-RNase and a non-functional SFB.
Evidence for a lack of successful gametes with two S 36 homologs: Genetic studies were conducted to test other hypotheses for why sour cherry individuals with two functional S haplotypes and two non-functional S 36 haplotypes variants were SI. We hypothesized that either
(1) pollen grains and eggs containing two S 36 haplotype variants are not formed during meiosis, or (2) the presence of these two S haplotypes results in a lethal gamete. To explore these possibilities, we took advantage of the inter-fertility of sweet and sour cherry that resulted in triploid progeny, simplifying our ability to determine the gametes from the tetraploid sour cherry Tables 5 and   6 ). For each inter-specific cross, there should be 12 or 6 progeny genotypes depending on whether the S x1 or S x2 in the sour cherry parent matched none or one of the S haplotypes in the sweet cherry parent. For example, the sour cherry S 4 S 6 S 36a S 36b should produce the following six gamete types, S 4 S 6 , S 4 S 36a , S 4 S 36b , S 6 S 36a , S 6 S 36b and S 36a S 36b . This would result in 12 progeny types if the sweet cherry parent did not have the S 4 or S 6 allele, or six progeny types if the sweet cherry parent had the S 4 or S 6 allele (in which case pollen grains containing the matching S-allele would be incompatible). A total of 187 progeny were genotyped from 10 sour × sweet cherry crosses ( Table 5 ). The vast majority of the progeny were formed from sour cherry eggs that contained only one S 36 variant. Only 5 (2.7%) and 14 (7.5%) progeny resulted from eggs with two or zero S 36 variants, respectively. The presence of these five progeny resulting from S 36a S 36b eggs indicates that these eggs are not lethal.
A total of 101 progeny were S genotyped from 10 sweet × sour cherry crosses (Table 6 ).
Only one progeny individual resulted from a sour cherry pollen grain with the S 36a and S 36b
haplotypes, e.g. progeny individual, S 3 S 36a S 36b , obtained from the cross between 'Hedelfingen' and 'MSU 27 23 (16)'. This indicates that S 36a S 36b pollen is not lethal; instead, it is either rarely formed or uncompetitive compared with pollen of other S genotypes. This result is consistent with the genetic data from 86 and 41 progeny individuals from self-pollination of 'Meteor' and 'MSU III 18 (12)', respectively, where there was no evidence for progeny resulting from a pollen gamete with two S 36 haplotypes (Table S3 ). This conclusion also provides an explanation for why the sour cherry cultivar 'Tarina' (S 1 S 4 S 36a S 36b ) is SI. In this case, the only SC pollen type, S 36a S 36b , rarely contributes to fruit and seed set ( Figure 7 ).
Only one of the 101 progeny individuals from the sweet × sour cherry crosses resulted from a pollen grain that had no S 36 variants (Table 6 ). This successful S x1 S x2 sour cherry pollen was S 1 S 13 '. The lack of any progeny resulting from the S x1 S x2 pollen types S 13 'S 14 , S 1 S 4 , and S 4 S 6 is unlikely to be solely due to the lethality or lack of competitiveness of all these pollen types.
Instead, the rarity of S x1 S x2 gametes and gametes with two S 36 variants most likely results from preferential meiotic pairing of the S 36 variant chromosomes. Therefore, our data suggest that The asterisks under the amino acid sequence indicate the 5 amino acid residues that differ between SFB 36a and SFB 36b . The positions and directions of the primers used in genomic PCR to specifically amplify SFB 36a and SFB 36b are indicated by arrows. is indicated by purple. (47)' (S 13´S36a S 36b S x ) (lanes 3 and 4, respectively) using the primers PcSFB36ab-F and PCSFB36ab-R. Expression of the actin and SFB 13´ genes were used as references (lanes 1 and 2, respectively) with the primer pairs ActF1/ActR1 and PcSFB13-F/PcSFB13-R, respectively. (open ovals), and rarely forms two types of gametes, S 1 S 4 and S 36a S 36b (gray ovals). According to the 'one-allele match model', all types of pollen except for rarely generated self-compatible pollen with S 36a S 36b are rejected by the functional S 1 and S 4 RNase in the style. YAMANE et al. 2001; HAUCK et al. 2006b; TSUKAMOTO et al. 2006 TSUKAMOTO et al. , 2008 YAMANE et al. 2001; HAUCK et al. 2006b; TSUKAMOTO et al. 2008 Rheinische Schattenmorelle SC S 6 S 13´S26 S 36a YAMANE et al. 2001; HAUCK et al. 2006b; TSUKAMOTO et al. 2006 Surefire SC S 4 S 13´S35 S 36a YAMANE et al. 2001; HAUCK et al. 2006b; TSUKAMOTO et al. 2008 Table S3 .
b A 1:1 ratio is expected if the S haplotype is fully functional resulting pollen rejection. A non-functional S haplotype would not result in pollen rejection; therefore, the S haplotype would be transmitted to the progeny at a frequency greater than 50%. 
